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Synthesis of imidazole-containing poly(iminomethylenes). 
Choice of /V(Im)“protecting group1
J .  M. van der Eijk, V. E. M . Richters, R. J .  M . Nolte and W. Drenth
Laboratory o f  Organic Chemistry o f  the University at Utrecht, Croesestraat 79, 3522 AD Utrecht, 
The Netherlands 
(Received June 28th, 1983)
Abstract. Four  imidazole-containing isocyanides having different N(Im)-protecting groups at 
the tele as well as at the pros position have been synthesized. These isocyanides include /VT(Im)- 
-tosyl-N3-carbylhistamine (4a), A^IrnJ-benzyl-A^-carbylhistamine (4b), Afn(Im)-benzyl-Na-carbyl- 
histamine (4c) and AfT,Afn(Im)-dibenzyl-Na-carbylhistamine bromide (4d). C om p ou n d s  4a and 4d 
polymerize in the presence of nickel(II) ions, whereas com pounds  4b and 4c do not. This result is 
explained by the type of nickel complex that is formed, viz. a te trahedral  or square-p lanar  complex 
with general formula N i (C N R )42+ in the case of 4a and 4d, and an octahedral  complex with general 
formula N i (C N R )32" in the case of 4b and 4c. In the latter complexes, not only the isocyano groups 
but also the imidazole groups coord inate  to the nickel. Thus, the imidazole groups block the 
coordinat ion  sites which are required for polymerization of the isocyano functions.
Introduction
In previous papers we reported on imidazole-containing 
poly(iminomethylenes) as models for hydrolytic enzy-
. Poly( A^-carbylhistamine), 1, and poly( A^-carbyl- 
histidine), 2, have been prepared by polymerization of the 
corresponding isocyanides with nickel ch lor ide3.
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In general, polymerization of isocyanides by nickel(II) is 
rapid and yields are almost quan t i ta t ive7. However, the 
monomers  leading to polymers 1 and 2 react slowly and 
often incompletely. The reason for this behaviour may be 
that imidazole residues block coordinat ion  sites on the 
nickel which are required for polymerization. In order to 
test this hypothesis and to develop a better polymerization 
procedure, we synthesized imidazole-containing isocyani­
des whose imidazole functions have different coordinative 
properties. The polymerization behaviour of these iso­
cyanides is described in this paper. The results from this 
study have been successfully applied in the synthesis of op­
tically active poly [ ( /?)-A^-carbyl-7.-methylhistamine], 3 8.
H
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Results and discussion
The coordinating ability of the imidazole group towards a 
metal centre is related to its basicity. The latter property 
can be varied by using different A^(Im) protecting groups. 
Electron-withdrawing groups, such as the tosyl (Tos) 
g ro u p 9, lower the basicity of the imidazole nucleus, 
whereas electron-donating groups, such as the benzyl (Bn) 
g r o u p 10, enhance this basicity. Apart  from the nature of 
the protecting group, its position at the ring is also im­
portant.  The nitrogen atoms of a 4(5)-substituted imida-
zole ring are not equivalent, and are known to behave 
differently in various reac t ions11.
We prepared isocyanides 4a-d, which contain a tosyl or 
benzyl group at either the tele (i) or pros (tt) p o s i t io n 12 of 
the imidazole ring, as well as an isocyanide with benzyl 
groups at both positions of the ring. The coordinating  
ability of the imidazole nucleus in these com pounds  can be 
expected to increase in the series 4d <  4a <  4b,4c.
1 Part 19 in the Series Poly( iminomethylenes) .  For  Part 18 see: 
A.J.  M. van Beijnen, R.J.  M. Nolte, A.J.  Naaktgeboren, J. W. 
Zwikker , A. M. F. Hezemans and W. Drenth, M a c ro m o le ­
cules; in the press.
2 For the sake of  simplicity, trivial nam es  are used th ro u g h o u t  
the paper.  Accord ing  to I U P A C  nom enc la tu re  rules the 
m o n o m e rs  and polymers  are n am ed :  1, poly (2-[4(5)-imida- 
zo ly l je th y lca rb o n im id o y l  J ; 2, poly ] l -carboxy-2-[4(5)- imida-  
zo ly l ]e thy lca rbon im idoy l  j ; 3, poly {(7?)-2-[4(5)-imidazolyl]- 
-1 -m e th y le th y lc a rb o n im id o y l}; 4a, 4-(2- isocyanoethyl)- l-(4-  
- to luenesu lfony l) im idazo le ;  4b, l -benzyl-4-(2-isocyanoethyl)-  
imidazole ;  4c, l -benzyl-5-(2- isocyanoethyl) imidazole ;  4d, 1,3- 
-d ibenzyl-4-(2- isocyanoethyl) imidazole .
3 J. M. van der Eijk , R.J.  M. Nolte and W. Drenth, Reel. Trav. 
Chim. Pays-Bas 97, 46 1978).
4 J. M. van der Eijk, Ch. F. Gusdorf R. J. M. Nolte and  W. 
Drenth, Reel. Trav.  Chim. Pays-Bas 98, 232 (1979).
J. M. van der Eijk, R . J . M.  Nolte, W. Drenth and A . M. F .  
Hezemans, M acrom olecu les  13, 1391 (1980).
6 J. M. van der Eijk, R. J. M. Nolte, V. E. M. Richters and W. 
Drenth, Reel. Trav.  Chim.  Pays-Bas 100, 222 (1981).
W. Drenth and R.J.  M. Nolte, Acc. Chem. Res. 12, 30 (1979). 
J. M. van der Eijk, R.J.  M. Nolte, V. E. M. Richters, A. M. F. 
Hezemans and W. Drenth, m anusc r ip t  in p repara t ion .
T. Fujii, T. Kimura and S. Sakakibara , Bull. Chem. Soc. Jpn 
49, 1595 (1976).
V. da Vigneaud and O.K.  Behrens, J. Biol. Chem. 117, 27 
(1937).
E.g., in the fo rm a t ion  of  peptides,  ^ " - su b s t i tu ted  histidine is 
less sensitive to racem iza t ion  than  is ^ - s u b s t i t u t e d  histidine. 
C o m p a re  ref. 10.
In acco rdance  with I U P A C - I U B  rules, the imidazole ni trogen 
at posi t ion 3 is called the pros (symbol it) ni trogen,  whereas the 
imidazole ni trogen at posit ion 1 is called the tele nitrogen 
(symbol r). IUPAC-IUB Commission on Biochemical Nomen­
clature (CBN),  Eur. J. Biochem. 53, 4 (1975).
8
10
1 1
1 2
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C H - N = C CH— C H - N = C
BnN> © ,NBn
Br }
4a-c 4d 4a, R =  N T-Tos 
4b, R =  jYT-Bn 
4c, R =  N n-Bn
The synthesis of isocyanides 4 is outlined in Scheme 1. The 
starting material used is histamine which was formylated, 
tosylated and subsequently dehydrated to give 4a. A 
similar sequence of reactions was followed to prepare the 
benzylated derivative 4b. For the synthesis of 4c, the 
/VT(Im)-nitrogen of /V-formylhistamine was first protected 
with a triphenylmethyl (Tr) group. Subsequently, the 
N n(Im)-nitrogen was quaternized by reaction with benzyl 
bromide and the A^ n(Im)-Bn derivative generated by 
treatment with acid. After dehydration isocyanide 4c was 
obtained. The double benzylated isocyanide 4d was 
prepared by treating 4c with benzyl brom ide . '  
Polymerization of isocyanides 4 was attempted with 
1 mol % of nickel chloride in methanol or methanol/  
chloroform as solvent. The results of these experiments 
are given in Table I. M onom ers  4a and 4d give polymers in 
80 -90%  yield. The molecular weights of these polymers 
are in the range 20,000-30,000. In the case of 4a, it was 
sometimes necessary to add trifluoroacetic acid to initiate 
polymerization. Apparently, the imidazole ring of this 
com p o un d  has weak coordinative properties which can be 
eliminated by protonation .  Polymerization of 4d is rela­
tively slow. This can be attr ibuted to steric hindrance by 
the two bulky benzyl groups on the imidazole ring. M o n o ­
mers 4b and 4c did not polymerize under the conditions 
applied and addition of trifluoroacetic acid failed to 
initiate polymerization. This suggests that the imidazole 
groups of 4b and 4c are very good ligands for divalent 
nickel.
Polymerization of isocyanides is proposed to proceed via a 
series of consecutive insertion reactions around  the nickel 
cen tre7. Reaction starts from a nickel complex containing 4 
isocyanide ligands in a square-planar or approximately  
square planar configuration. Failure to polymerize might 
be caused by a type of coordinat ion  different to that 
usually found. In order to test this hypothesis, we prepared 
complexes of ligands 4 and nickel perchlorate by mixing 
solutions of the reactants in ethanol/ether.  Precipitates 
were formed which were isolated and characterized. 
Table II summarizes some of the physical properties of the 
complexes. For comparison,  data for the square-planar 
complex N in(C N -/-C 4H 9)4(C 10 4)2 are also included. This 
complex has been previously prepared by u s 13.
Isocyanides 4a and 4d form complexes which contain 4 
ligands per nickel. The infrared spectra of these complexes 
show one single NC stretching vibration at 2250-2260 
c m "  l . As com pared  to the free isocyanides, this stretching 
vibration has shifted to a higher wavelength number. The 
observed value fits in with a square-planar or tetrahedral 
N i (C N R )42+ i o n 13,14. The magnetic moments  of the 
complexes suggest a tetrahedral or distorted tetrahedral 
arrangement,  at least in the solid s ta te 15. So far, we have 
not been able to ascertain whether the same is true for the 
structure in solution. The electronic spectra of the com ­
plexes are inconclusive at this point as they show strc ng 
ligand absorption  bands which obscure the nickel bands. 
The nickel complexes of 4b and 4c contain 3 ligands per 
nickel. In these complexes, the NC stretching vibration is 
at about  2220 cm *. The nickel complex of 4c shows 
additional weaker NC vibrations at 2260 and 2150 c m - 1 .
I 3
1 4
1 5
R. IV. Stephanv a n d  W. Drenth, Reel .  T rav .  Ch in i .  P a y s - B a s  91, 
1453 (1972) .
R. W. Stephanv , R .J .M .  Nolte a n d  W. Drenth, Reel .  T r a v .  
C h i m .  P a y s - B a s  92, 275 (1973).
E. A. Boudreaux a n d  L. N. Mulay , T h e o r y  a n d  A p p l i c a t i o n s  o f  
M o l e c u l a r  P a r a m a g n e t i s m ” , Wiley,  N e w  Y o r k ,  1976.
Table I Polymerization o f  imidazole-containing isocyanides using nickel( II) chloridea.
I s o c y a n i d e R e a c t i o n  c o n d i t i o n s 0 R e a c t i o n  t ime Yie ld  %
I m ( x - T o s ) C H 2C H 2N C 4a M e O H / C H C l 3 (1/1,  v/v) ,  2 5 c 12 h 8 0 - 9 0
I m ( i - B n ) C H 2C H 2N C 4b M e O H ,  40 d --
Im (7 T -B n )C H 2C H 2N C 4c M e O H ,  40 d --
Br I m + ( i - B n ,  7T-Bn)CH2C H 2N C  4d M e O H ,  40 2 d a y s 80
3 6 M m o l  o f  i s o c y a n i d e ;  0 .06 m m o l  o f  N i C l 2- 6 H 20 ;  5 ml o f  s o lv e n t .  b So lven t ,  r e a c t i o n  t e m p e r a t u r e / ° C .  c If p o l y m e r i z a t i o n  did 
no t  s ta r t ,  5 - 1 0  d r o p s  o f  t r i f l u o r o a c e t i c  acid  were  a d d e d .  d N o  p o l y m e r i z a t i o n  w as  o b s e r v e d  a f t e r  a w e e k ;  a d d i t i o n  o f  t r i f l u o r o a c e t i c  
ac id  d id  n o t  in i t i a te  p o l y m e r i z a t i o n .
Table II Nickel( II) perchlorate complexes o f  imidazole-containing isocyanides 4.
I s o c y a n i d e
C o m p l e x
C o l o u r M P / ° C i f v ( N C ) / c m  ~ 1 b P c f f /B M C
4a ye l low 2 1 8 - 2 2 0  (dec . ) 4 .0  ±  0.2 2258  (110) 2.25 (12)
4b d a r k  red 184 (dec . ) 3.0 ±  0.2 2222  (74) 2 .57  (25)
4c grey > 2 6 0 3.1 ±  0.2 2 2 2 0 d (78) 3.15 (51)
4d lilac -- 3.8 +  0.3 2251 (102) 3.04 (30)
/ - B u N C c w h i t e 127 (dec . ) 4 2251 (119) 0.86
a N u m b e r  o f  l i gands  in the  c o m p l e x  N i n( C N  R ) „ ( C 1 0 4)2, c a l c u l a t e d  f r o m  e l e m e n t a l  a n a ly s e s .  b Shif t  o f  v ( N C )  wi th  r e spec t  to u n c o m -  
p lexed  i s o c y a n i d e  is g iven  in p a r e n t h e s i s .  c At  300 K. All s a m p l e s  s h o w e d  Curie-Weiss b e h a v i o u r .  0 / K  v a lu es  are  g iven in p a r e n t h e s i s .  
d A d d i t i o n a l  i s o c y a n i d e  v i b r a t i o n s  a re  p re sen t  at  2260 a n d  2150 c m - 1 . c T a k e n  f r o m  Ref.  13.
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Im(T-Tos) CH0CH -.NHCHO Im(T-Bn)CH9CH0NHCHO
4a 4b
I m ( T -T r ) CH 0 C H Nil CH 0
-  +BrIm(T-Tr, TT-Bn)CH CH NHCHO
Im(TT~Bn)CH CH^NHCHO
t
4 c
t
4d
Schem e 1
The lower value of the main NC band suggests that in the 
complexes of 4b and 4c the formal positive charge on 
nickel has decreased com pared  to the complexes of 4a and 
4d. Such a decrease is feasible when the imidazole functions 
of 4b and 4c coordinate  to nickel. We propose octahedral 
structures for the nickel complexes of 4b and 4c. Taking 
into account the positions of the benzyl groups at the 
imidazole ring of the two ligands, the most likely structures 
are a monomeric  one (A) for the 4b complex and a poly­
meric one (B) for the 4c complex.
The latter structure probably has a low symmetry as can be 
concluded from the occurrence of more than one NC 
vibration in the infrared spectrum. The low solubility of 
the nickel complex of 4c in organic solvents, coupled with 
its high melting point, supports  the assignment of a poly­
meric structure. The magnetic moments of the complexes 
of 4b and 4c are in line with an octahedral a r r a n g e m e n t1''. 
The value p eff 2.57 of the former complex suggests that in 
this com pound  the octahedral arrangement is somewhat 
distorted. Unfortunately ,  no information about the struc­
ture of  the complexes could be obtained from electronic 
spectra, due to interference of nickel bands with ligand ab ­
sorption bands, and also because of solubility problems in 
the case of the 4c complex.
We have previously shown that for polymerization of 
isocyanides, 4 coord ination  sites around  nickel are 
required, which are successively used for c a rb o n -ca rb o n  
bond fo rm a t io n 7. These 4 coordination  sites are available 
in the complexes of 4a and 4d, but not in those of 4b and 4c. 
Thus, in accordance with experiment, polymerization will 
occur in the case of the former two monomers,  but not in 
the case of the latter two.
In summary, the data presented in this paper indicate that 
polymerization of imidazole-containing isocyanides can be 
achieved if the imidazole functions in these monomers  are 
prevented from coordinating  to the nickel catalysts. The 
latter situation can be attained by choosing A^(Im)-protect- 
ing groups, which lower the basicity of the imidazole 
n ucleus.
1 m
I m CN I m
NC NC
I m
N
C N C
I m
2 +
Ni CN I m
I m
N
C
A B
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Experimental
Melting points were determined on a Mettler FP5/FP51 photo­
electric melting point apparatus. Infrared spectra were recorded 
on Perkin-Elmer 297 and 283 spectrophotometers. Ultraviolet 
spectra were recorded on a Cary 15 spectrophotometer. ‘H NMR 
spectra were obtained on a Varian EM 390 instrument. Chemical 
shifts (5) are given in ppm downfield from internal tetramethyl- 
silane or sodium 2,2,3,3-tetradeutero-3-(trimethylsilyl)propio- 
nate. Abbreviations used are: s = singlet, d = doublet, t = triplet, 
q = quartet, m = multiplet, hr = broad. Mass spectra were re­
corded on an A El MS-902 mass spectrometer. Magnetic suscepti­
bilities were measured by means of the Faraday force method16,17. 
Elemental analyses were carried out by the Elemental Analytical 
Section of the Institute for Organic Chemistry TNO, Utrecht, 
The Netherlands, under the supervision of Mr. IV. J. Buis. TLC 
was performed on silica (Sleicher and Schiill TLC Ready Plastic 
Foil FR-1500) and detection was effected by UV and/or iodine. 
Column chromatography was performed on silica (Merck 
Kieselgel 60, 230-400 mesh).
N a-Formylhistamine
w
This compound was synthesized from histamine dihydrochloride 
as described previously3. 'H  NMR (D 20):  5 8.70 and 7.40 (2H, 
2 x s, imidazole), 8.20 (1H, s, CHO), 3.60 and 3.00 (4H, 2 x t,
C H U C H , ) .
NT ( Ini j-Tosyl-N1-for mylhist amine
This compound was synthesized from A^-formylhistamine as 
described previously3. M.p. 118.5-120°. IR (KBr): 3300 (NH), 
1670 (CHO), 1380 and 1170 (SO.N) c m " 1. *H NMR (CDC13): 
5 8.15 and 7.10 (2H, 2 x s, imidazole), 8.00 (1H, s, CHO), 7.85 
and 7.40 (4H, 2 x d, tosyl), 6.7 (1H, br, NH), 3.50 and 2.70 (4H, 
2 x t, C H 2C H 2), 2.45 (3H, s, C H 3).
NT ( Im )-Tosyl-N*-car by ¡histamine (4a)
This compound was synthesized from the corresponding forma- 
mide as described previously3. M.p. 110° (dec.). MS: M" 275, 
M + — C H ,N C  235, tosyl 155, tropylium ion 91. IR (KBr): 2149 
(NC), 1380 and 1170 (S 0 2N) c m “ 1. !H NMR (CDC13): 5 8.00 
and 7.20 (2H, 2 x s, imidazole), 7.80 and 7.35 (4H, 2 x d, tosyl), 
3.65 and 2.80 (4H, 2 x t, C H 2C H 2), 2.40 (3H, s, C H 3).
NY Itn)-Benzyl-Na-formy ¡histamine
To a solution of 15 g (0.11 mol) of /V’-formylhistamine in 150 ml 
of jV.yV-dimethylformamide (DMF) were added 18 ml (0.15 mol) 
of benzyl bromide and 24 ml (0.12 mol) of dicyclohexylamine. 
After stirring for 4 h, the reaction mixture was filtered and 
subsequently concentrated in an oil pump vacuum. A solution 
of the resulting residue in 100 ml of 0.1 mol/1 aqueous HC1 was 
extracted with chloroform, whereafter the pH of the water layer 
was adjusted to pH 8 using sodium carbonate. The water layer 
was extracted four times with 75 ml portions of chloroform. The 
combined organic fractions were dried over N a2S 0 4 and con­
centrated in vacuo to give the monobenzylated formamide as an 
oil, slightly contaminated with dibenzylated formamide. Yield
17.7 g (0.077 mol, 70%). IR (neat): 3250 (NH), 1660 (CHO), 750 
and 720 c m -1 (benzyl). ‘H NMR (CDC13): 5 8.1 (s, 1H, CHO),
7.4 (m, 7H, benzyl, imidazole and NH), 6.7 (s, 1 H, imidazole), 5.0 
(s, 2H, benzyl), 3.5 (m, 2H, C H 2N), 2.7 (m, 2H, C H 2Im).
Nx-(Im )-Benzyl-N a-car by ¡histamine (4b)
17.7 g (0.077 mol) of A^T(Im)-benzyl-7V“-formylhistamine and 
30 ml (0.27 mol) of N-methylmorpholine were dissolved in 300 ml 
of dich loro methane. At —20°C, 12 ml (0.13 mol) ot POCl3 in 80 
ml of dichloromethane were introduced into the stirred reaction 
mixture over a period of 30 min under a nitrogen atmosphere. 
After stirring for 3 h at -20°C , 100 ml of 7.5% aqueous sodium 
bicarbonate were introduced into the vigorously stirred reaction
10 J. P. Hoekstra, Thesis, Utrecht (1972).
1 L. Michael is in “ Physical Methods of Organic Chemistry” ,
A. Weisberger, ed., Interscience, New York (1949), Vol. 1, 
part 2, 1885.
mixture. After stirring for a further 15 min at 0°C, the organic 
layer was separated and extracted twice with 7.5% aqueous 
sodium bicarbonate. The organic layer was dried over N a2S 0 4 
and concentrated in vacuo. The oily residue was subjected to 
column chromatography (eluent CHCl3/C H 3OH 4/1 v/v). Iso­
cyanide 4b was obtained as a slightly yellow oil. Yield 6.5 g 
(0.030 mol, 40%). MS: M + 211, M + -  C H 2NC 171, tropylium 
ion 91. IR (neat): 2141 + 1 (NC, internal calibration), 1500, 1450 
and 700 c m ' 1. ‘H NMR (CDC13): 5 7.45 and 6.75 (2 x s, 2H, 
imidazole), 7.25 (m, 5H, benzyl), 5.00 (s, 2H, benzyl), 3.60 (m, 
2H, C H 2NC), 2.80 (m, 2H, C H 2Im).
NT ( Im)-Trityl-'Na -Jor mylhist amine
To a solution of 7 g (50 mmol) of /Va-formylhistamine and 16 ml 
(115 mmol) of triethylamine in 100 ml of chloroform were added
18.3 g (66 mmol) of trityl chloride. After stirring for 24 h at room 
temperature, the reaction mixture was extracted three times with 
water. The organic layer was dried over N a2S 0 4 and concen­
trated in vacuo. A white solid was obtained upon addition of dry 
ether to the resulting oily residue. The formamide was collected 
by filtration and dried over P20 5. Yield 12 g (31 mmol, 63%). 
M.p. 137-138°C. IR (KBr): 3240 (NH), 1660 (CHO), 750 and 
700 c m ’ 1 (trityl). ‘H NMR (CDC13): 5 8.20 (s, 1 H, CHO), 7.30 
(m, 17H, trityl, imidazole and NH), 6.60 (s, 1 H, imidazole), 3.60 
(q, 2H, C H 2N), 2.70 (t, 2H, C H 2Im).
NY 1m ) - Benzyl-'N'1 -for mylhist amine
To a solution of 10 g (26 mmol) of the previous trityl compound 
in 100 ml of DMF were added 4 ml (33 mmol) of benzyl bromide. 
After stirring overnight'at room temperature, the reaction mix­
ture was filtered and subsequently concentrated in an oil pump 
vacuum. To the residue were added 50 ml of formic acid and sub­
sequently the reaction mixture was stirred for 1 h. After evapora­
tion of most of the formic acid, 100 ml of water was added to the 
residue and the resulting solution was extracted three times with 
chloroform. The pH of the water layer was adjusted to 9 using 
sodium carbonate whereafter the water layer was extracted four 
times with 75 ml portions of chloroform. The combined organic 
layers were dried over N a2S 0 4 and concentrated in vacuo to yield 
the formamide as a white solid. Yield: 4.2 g (18.3 mmol, 70%). 
M.p. 137-138°C. IR (KBr): 3200 (NH), 1660 c m " 1 (CHO). 
‘H NMR (CDC13): 5 8.10 (s, 1H, CHO), 7.80 (d, 1 H, NH), 7.30 
and 7.00 (2 x m, 5H, benzyl), 7.40 and 6.80 (2 x s, 2H, imidazole), 
5.10 (s, 2H, benzyl), 3.35 (q, 2H, C H 2N), 2.65 (t, 2H, C H 2Im).
Nn(Im )-Benzyl-Na-carbylhislamine (4c)
jY"(Im)-Benzyl-jVa-formylhistamine was converted into the cor­
responding isocyanide using POCl3 and triethylamine as de­
scribed for 4b. The crude reaction product was subjected to col­
umn chromatography (eluent (CH3)2CO) to yield isocyanide 
4c as white crystals. Yield 40%. M.p. 90-91°C. MS: M + 211, 
M + -  H 210, M + — C H 2NC 171, tropylium ion 91. IR (KBr): 
2140 + 1 (NC, internal calibration), 1500, 1450, 1100 and 720 
c m " 1. ‘H NMR (CDC13): 5 7.50 and 6.90(2 x s, 2H, imidazole), 
7.35 and 7.05 (2 x m, 5H, benzyl), 5.10 (s, 2H, benzyl), 3.35 (t, 
2H, C H 2NC), 2.80 (t, 2H, C H 2Im).
N",Nx( Im )-Dibenzyl-N*-carhylhistamine bromide (4d)
To a solution of 1 g (4.7 mmol) of isocyanide 4c in 3 ml of chloro­
form were added 0.5 g of sodium carbonate and 1.4 ml (11.7 
mmol) of benzyl bromide. After stirring for three days at room 
temperature, the reaction mixture was filtered and concentrated 
in an oil pump vacuum to give pure isocyanide 4d as a slightly 
yellow oil. Yield 1.8 g (4.7 mmol, 100%). MS: M + — benzyl 
bromide 211, M + — benzyl bromide and C H 2NC 171, tropylium 
ion 91. IR (neat): 2140 ±  1 (NC, internal calibration), 3400, 1560, 
1450, 700 and 600 c m " 1. [H NMR (CDC13): 5 10.7 and 7.8 
(2 x s, 2H, imidazole), 7.40 (m, 10H, benzyl), 5.60 (d, 4H, benzyl), 
3.50 (t, 2H, C H2NC), 2.90 (t, 2H, C H 2Im).
Polymerization
Monomers 4 were polymerized using 1 mol % of NiCl2-6H20. 
Reaction conditions are given in Table I. Reactions were followed 
by IR spectroscopy. The polymer derived from 4a was worked up 
and deprotected as described previously3. M W  20,000 (from vis­
cosity measurements on protected polymer). IR (KBr) of HC1 salt 
of deprotected polymer: 3600-2200 ( Im H +, H20), 1615 (C=N)
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cm -1 . The polymer derived from 4d was isolated by adding the 
concentrated reaction mixture to an excess of ether/acetone ( 10/ 1, 
v/v). The polymer was deprotected using sodium in liquid am­
monia3, submitted to ultrafiltration and freeze-dried. The HC1 
salt of the product thus obtained had the same physical properties 
as described above.
precipitated instantaneously and were collected by centrifugation, 
after which they were washed once with ethanol/ether (1/4 v/v) 
and three times with ether. They were dried in vacuo over P2Os at 
40°C.. Relevant physical data are summarized in Table II.
Preparation o f  the nickel complexes
Nickel(II) complexes of isocyanides were prepared at — 30°C by 
rapid addition of a 0.02 mol/1 solution of Ni(C104)4-6H20  in 
ethanol/ether (1/1 v/v) to a vigorously stirred 0.25 mol/1 solution 
of the appropriate isocyanide in the same solvent. The complexes
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The role of histidine-119 in non-covalent semisynthetic ribonuclease; 
its replacement by 3-(3-pyrazolyl)-L-aIanine, /Vn-methyl-L-histidine and 
A^-methyl-L-histidine**
J. Serdijn, W. Bloemhoff, K. E. T. Kerling and E. Havinga
Gorlaeus Laboratories, Department o f  Organic Chemistry, Leiden University, P.O. Box 9502, 
2300 RA Leiden, The Netherlands 
( Received August 4th, 1983)
Abstract.  Non-covalent semisynthetic ribonuclease analogues are used to study the role of 
h is t idine-119 in the active site of RNase A. The solid-phase synthesis of three RN ase  11 1-124 pep­
tides, in which his t id ine-1 19 is replaced by 3-(3-pyrazolyl)-L-alanine, /Vn-methyl-L-histidine and 
/VT-methyl-L-histidine, respectively, is described. The binding of these peptides to RNase 1-1 18 
protein is examined. The enzymatic activities of the resulting complexes towards First and second 
step substrates and their binding to the inhibitor 3'-cytidine m onophospha te  are determined.
The /Vn-methylhistidine- and the 3-(3-pyrazolyl)alanine RNase analogues are devoid of catalytic 
activity. The /VT-methylhistidine analogue is found to be enzymatically active, using yeast r ibo­
nucleic acid and 2 ' , 3 - C M P  as substrates. With the latter substrate, kinetic parameters  at pH 6.0 
have been determined. The results provide strong evidence to suggest that the pros-nitrogen atom 
of H is -119 plays an essential role as acid/base catalyst in the enzymatic reaction of RNase. There are 
indications that the tele-nitrogen  a tom of h is t id ine-119 in the natural  enzyme -  besides effecting 
the right pA' value at the />rav-nitrogen centre -  may also contribute  by favouring the optimal steric 
orientation of the imidazole nucleus and of the pros-nitrogen in particular.
* Part XXXIX, C. Hoes, K. E. T. Kerling and E. Havinga, 
Reel. Trav. Chim. Pays-Bas 102, 140 (1983).
** Abbreviations: The nomenclature and abbreviations used 
for the amino acids and protecting groups are those recom­
mended by the IUPAC-IUB Commission on Biochemical 
Nomenclature, Biochemistry 11, 1726 (1972) and Bio­
chemistry 14, 449 (1975). Other abbreviations used are 
RNase A: bovine pancreatic ribonuclease; RNA: ribo­
nucleic acid; 2',3'-CMP: 2\3'-cytidine cyclic phosphate; 
3'-CMP: 3'-cytidine monophosphate; DCC: /V.N'-dicyclo- 
hexylcarbodiimide; HOBt: 1-hydroxybenzotriazole; DMF: 
dimethylformamide; Hhis: y-(4-imidazoly l)-L-oc-a  mi no buty­
ric acid (L-homohistidine); Pyr(3)Ala: 3-(3 -py razo ly l) -L -  
-alanine; — © :  copoly(styrene/l % d iv in y lb e n z e n e )  re s in ;  
Mbh: 4-methoxybenzhydryl.
*** Amino acid sequence RNase 111-124: H-Glu-Gly-Asn-Pro-
-Tyr-Val-Pro-Val-His-Phe-Asp-Ala-Ser-Val-OH.
Introduction
In the functioning of bovine pancreatic ribonuclease 
(RNase  A), h is t id ine-12 and his t id ine-119 are known to be 
essential residues. The discovery of Merrifield and co­
workers that the C-terminal te tradecapeptide of RNase 
A*** can bind to the inactive RNase 1-118 protein, with 
generation of high enzymatic ac t iv i ty1, provides a tool 
with which to study the role of its amino residues in more 
detail. Gutte et al. investigated the relation between the 
length of the peptide used, its binding strength and the 
generated activity2. Investigations into the role of phenyl-
1 M. C. Lin, B. Gutte, S. Moore and R. B. Merrifield, J. Biol.
Chem. 245, 5169 (1970).
: B. Gutte, M. C. Lin, D. G. Caldi and R. B. Merrifield J. Biol. 
Chem. 247, 4763 (1972).
